SUMMARY In seven patients thermodilution coronary sinus flow (TD-CSF) was higher (164 ± 21 ml/min) during ventricular pacing than during atrial pacing (119 ± 21 mlmin, P < 0.005) at identical heart rate, without an increase in the determinants of myocardial oxygen consumption. To assess the possibility of right atrial admixture in coronary sinus blood during ventricular pacing we compared electromagnetic coronary arterial blood flow (CBF) with TD-CSF in nine dogs during interventions that increased right atrial THE MEASUREMENT OF CORONARY SINUS BLOOD FLOW by the thermodilution technique has been used by many investigators,1-4 because it is a safe, simple and Table 1 shows comparative TD-CSF and hemodynamic data during ventricular pacing and atrial pacing at identical heart rate. In each patient, TD-CSF was higher during ventricular pacing than atrial pacing. Average TD-CSF during atrial pacing was 119 ± 21 ml/min; during ventricular pacing, however, TD-CSF was 164 ± 21 ml/min (P < 0.01). This higher TD-CSF during ventricular pacing was observed despite the fact that the determinants of myocardial oxygen consumption were less during ventricular pacing. Peak left ventricular systolic pressure was less during ventricular pacing (123 ± 5 mm Hg) than during atrial pacing (132 ± 5 mm Hg, P < 0.001). Maximum dp/dt was lower during ventricular pacing (1049 ± 469 mm Hg/sec) than during atrial pacing (1740 ± 165 mm Hg/sec) (P < 0.001). Left ventricular filling pressure was less during ventricular pacing (10 ± 1 mm Hg) than during atrial pacing (12 ± 1 mm Hg, P < 0.05). Cardiac index was also less during ventricular pacing (2.2 ± 0.3 L/min/m2) than during atrial pacing (2.8 ± 0.3 L/min/m2, P < 0.02). Due to atrial cannon waves during ventricular pacing, mean right atrial pressure was higher (6 ± 1 mm Hg) than during atrial pacing (4 ± 1 mm Hg, P < 0.001). An illustrative recording in an individual patient (patient 7, table 1) is shown in figure 1. In this patient TD-CSF during ventricular pacing was 232 ml/min, while during atrial pacing it was only 159 ml/min. Figure 2 illustrates the effect of bolus injections of cold saline into the right atrium on coronary sinus blood temperature. During atrial pacing almost no change in coronary sinus blood temperature was noted; during ventricular pacing in the presence of atrial cannon waves a marked decrease in coronary sinus temperature was seen. In this particular patient the external thermistor was about 15 mm inside the coronary sinus. The simultaneous deflection of coronary sinus and pulmonary artery blood temperatures indicates that the decrease in coronary sinus blood temperature was not due to recirculation of the cold indicator. Similar results were obtained in the two other patients in whom such bolus injections of cold dextrose solution were made in the inferior vena cava. In two patients contrast medium was infused into the coronary sinus during atrial and ventricular pacing and during Valsalva maneuver. During atrial pacing, phasic reflux of contrast medium with each atrial contraction was seen 1-2 cm distal to the tip of the catheter ( fig. 3, figure 7 . In this experiment, shortening of the RR interval from 300 to 230 msec resulted in atrial cannon waves, decreased arterial pressure and markedly reduced CBFI.AD+CFX, with little change in TD-CSF. Figure 8 illustrates the effect of rapid atrial pacing in such experiments. There was a linear relationship between TD-CSF and CBF up to the RR interval where atrial cannon waves occurred. Beyond this point there was no change or a decrease in CBF, but an increase in TD-CSF ( fig. 8 ). The effects of pulmonary artery constriction were similar to those of ventricular pacing (table 2). CBFLAD±CFx decreased from 124 ± 20 to 94 ± 23 ml/min (P < 0.01), whereas TD-CSF increased from 148 ± 20 to 178 + 29 ml/min (P < 0.05). A typical recording is shown in figure 9 . There was a marked increase in TD-CSF, despite a slight decrease in CBFIAD+CFX and TD-CSF during pulmonary artery constriction ( fig. 5 ).
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ClIRCU LATION Increased intrathoracic pressure also produced discrepancy between CBFLAD+CFX and TD-CSF (table 2, fig. 5 ).
CBF1ADF Dx decreased from 146 18 to 117 9 ml/min (P < 0.001), whereas TD-CSF increased from 200 ± 11 to 312 ± 28 mi/min (P < 0.01). Arterial pressure fell and right atrial pressure rose significantly. A representative experiment is shown in figure 10 . During the period of increased intrathoracic pressure CBFLALD+CFX decreased 17% as arterial pressure also decreased. TD-CSF, however, increased 27%. Peak amplitude of right atrial 'a' wave was 3 mm Hg higher during the intervention. In order to quantitate the relationship between the amplitude of right atrial a' wave and the discrepancy between CBFLAnD cX and TD-CSF, we determined the ratio of TD-CSFLAO+CFX at different levels of right atrial 'a' wave amplitude. Changes in right atrial pressure were produced by varying the PR interval over a wide range during atrioventricular sequential pacing in a dog with complete atrioventricular block. As apparent from figure 11 (upper 
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i O O C ; $ _ _ X _ t --> + r i . X As apparent from figure 5, correlation between percent change in TD-CSF and CBFLAD+CFX was significant only when the TD-CSF catheter was advanced in the coronary sinus so that the external thermistor was 25-35 mm inside the coronary sinus. Despite this relationship, there was a wide scatter of the individual measurement. It may be argued that the higher TD-CSF values in the presence of an increased right atrial pressure were not due to right atrial reflux, but redistribution of Thebesian vein flow. During the interventions studied, Thebesian vein flow might have been reduced and coronary sinus flow correspondingly higher. For this purpose, simultaneous measurements of coronary sinus flow by the thermodilution technique and by electromagnetic flow transducers were performed. Redistribution of Thebesian vein flow would be expected to result in an increase in both electromagnetic and thermodilution coronary sinus flow. Right atrial reflux, however, would appear as discrepancy between the two measurements, since the reflux passes the electromagnetic flow transducer twice in opposite directions and, therefore, cancels out in the flow measurement. As evident from figure 11, electromagnetic coronary sinus flow decreased during ventricular pacing as did electromagnetic CBFLAD, whereas TD-CSF increased. Therefore, it is unlikely that redistribution of Thebesian vein flow is responsible for the difference between CBFLAD+CFx and TD-CSF.
Discrepancy between TD-CSF and electromagnetic CBFLAD+CFx as observed in this study is at variance with that reported by Ganz et al.6 In that study, TD-CSF and electromagnetic CBF were compared presumably in the absence of increased right atrial pressure, which may account for the close agreement between TD-CSF and CBFLAD+CFX in their study.
In the experiment shown in figure 11, 
